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Description

[0001] The present invention relates to a method for
reproducing the quantization precision of a digital signal.
The present invention is achieved, so as to be used, as
one of the functions of a quantization-precision-repro-
duction device, an image-pickup device, and an informa-
tion-processing device. Further, the present invention is
achieved, as a program adapted to control the above-
described devices.

[0002] Here, the digital signal for processing includes
a signal in an ultimate form acting on the sensory organs
of a person, such as a video signal, an audio signal, and
so forth, a signal transmitted from a measuring device,
a communication signal, and data read from a recording
medium.

[0003] Whenananalogsignalis convertedintoadigital
signal, the information amount of the digital signal is de-
termined by a sampling frequency and the quantization-
bitnumber. The sampling frequency determines the max-
imum frequency that can be represented by Nyquist's
theorem and the quantization-bit number determines
precision in an amplitude direction. Namely, the quanti-
zation-bit number determines the minimum change
amount of the digital signal.

[0004] If the determined minimum change amount is
too large with reference to a signal for representation, a
quantization distortion is perceived by a person. There-
fore, itis favorable to increase the number of quantization
bits for an output signal, so as to reproduce an image
with smooth gray scale.

[0005] In general, however, the performance of an an-
alog-to-digital conversion (A/D conversion) device is lim-
ited. Therefore, it is difficult to increase the quantization-
bit number appropriately. Further, it is often difficult to
use an A/D converter configured to achieve a large
number of quantization bits from the viewpoint of the
manufacturing cost.

[0006] Subsequently, there have been proposed
methods for reducing the quantization distortion, which
is useful in the case where the quantization-bit number
is insufficient with reference to the dynamic range of an
input signal.

[0007] For example, there has been proposed a meth-
od for increasing the bit number in the least-significant-
bit direction and inserting a random noise into the part
corresponding to the increased bit number.

[0008] Further, there has been proposed a method for
switching between an output signal transmitted from a
low-pass filter and an original signal according to the
characteristic of the original signal.

[0009] For example, Japanese Unexamined Patent
Application Publication No. 2003-259368 discloses tech-
nologies relating to the above-described methods.
[0010] The former method described above uses the
sensory characteristics of a person. Namely, the method
is adapted to make the person perceive a fine value
change in a part where no value change occurs. Accord-
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ing to the above-described method, however, the random
noise may be raised to a high-order bit and perceived by
the person, when the gain of the original signal is in-
creased.

[0011] The latter method described above allows de-
creasing noise components while switching between the
output signal of the low-pass filter and the original signal.
However, if the above-described switch is not performed
successfully, there may be a significant high-frequency-
component drop.

[0012] Accordingly, inventors who filed this patent ap-
plication propose a configuration adapted to reproduce
a high-precision component lower than or equal to the
quantization precision of an original signal while main-
taining the information of the original signal.

[0013] Namely, the inventors propose a quantization-
precision-reproduction method including the steps of:

(a) reproducing an m-bit-length high-precision com-
ponent lower than or equal to quantization precision
of an n-bit-length digital signal on the basis of the n-
bit-length digital signal, and

(b) generating an n + m-bit-length digital signal by
adding the reproduced m-bit-length high-precision
componentto alow-order bit of the n-bit-length digital
signal.

[0014] According to the above-described method, it
becomes possible to reproduce a high-precision compo-
nent lower than or equal to that of an original signal. Fur-
ther, since information about the original signal can be
maintained in a digital signal or the reproduced high-pre-
cision component, as itis, it becomes possible to prevent
the original signal from being deteriorated when the high-
precision component is reproduced.

[0015] Further particular and preferred aspects of the
present invention are set out in the accompanying inde-
pendent and dependent claims. Features of the depend-
ent claims may be combined with features of the inde-
pendent claims as appropriate, and in combinations other
than those explicitly set out in the claims.

[0016] The presentinvention will be described further,
by way of example only, with reference to preferred em-
bodiments thereof as illustrated in the accompanying
drawings, in which:

Fig. 1 shows the configuration of an example image-
pickup system;

Fig. 2 shows a quantization-precision-reproduction
circuit according to an embodiment of the present
invention;

Fig. 3 shows example procedures performed for gen-
erating aquantization-precision-reproduction signal;
Fig. 4A shows an effect produced by increasing a
dynamic range;

Fig. 4B also shows the effect produced by increasing
the dynamic range;

Fig. 4C also shows the effect produced by increasing
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the dynamic range;

Fig. 5 shows a quantization-precision-reproduction
circuit according to another embodiment of the
present invention;

Fig. 6 shows the theory of high-precision-component
generation using a low-pass filter;

Fig. 7 shows example procedures performed forgen-
erating another quantization-precision-reproduction
signal;

Fig. 8 shows a quantization-precision-reproduction
circuit according to another embodiment of the
present invention;

Fig. 9 shows a quantization-precision-reproduction
circuit according to another embodiment of the
present invention;

Fig. 10 shows a quantization-precision-reproduction
circuit according to another embodiment of the
present invention;

Fig. 11 shows a quantization-precision-reproduction
circuit according to another embodiment of the
present invention;

Fig. 12 shows the configuration of an example com-
munication system;

Fig. 13A shows the configuration of an example in-
formation-processing device; and

Fig. 13B shows the configuration of another example
information-processing device.

[0017] Hereinafter, technologies according to embod-
iments of the present invention will be described.
[0018] Itis to be noted that at least one of commonly
and/or publicly known technologies in the field of the tech-
nologies according to the embodiments of the present
invention is used for part that is not shown and/or dis-
closed in this specification.

[0019] Further, the present invention is not limited to
any one of the following embodiments.

(A) Embodiments

[0020] In the following description, technologies relat-
ed to embodiments of the present invention are used for
an information-processing device configured to process
image data. Here, an image-pickup system is described,
as the above-described information-processing device,
for example.

(A-1) System Configuration

[0021] Fig. 1 shows an example configuration of the
above-described image-pickup system, wherein a signal
red (R), a signal green (G), and a signal blue (B) are
processed in parallel. However, the example configura-
tion shown in Fig. 1 can be used for an image-pickup
system configured to process a brightness signal and a
color-difference signal in parallel and/or an image-pickup
system configured to process a composite signal.

[0022] Hereinafter, each of elements of the image-
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pickup system will be described.

[0023] Each of image sensors 3R, 3G, and 3B is pro-
vided, as a photoelectric-conversion element configured
to convert an optical signal into an electric signal. The
image sensor 3R transmits a signal red (R), the image
sensor 3G transmits a signal green (G), and the image
sensor 3B transmits a signal blue (B). Hereinafter, a sig-
nal transmitted from each of the image sensors 3R, 3G,
and 3B is referred to as a color signal.

[0024] The above-described color signal may be either
a video signal or a still-image signal.

[0025] Each of video amplifiers (VA) 5R, 5G, and 5B
is provided, as an amplifier element configured to adjust
the level of the color signal to a desired signal level. More
specifically, each of the video amplifiers 5R, 5G, and 5B
adjusts the color-signal level so that the dynamic range
of an amplified electric signal agrees with the allowable
input range of each of analog-to-digital (A/D) converters
7R, 7G, and 7B.

[0026] Each of the A/D converters 7R, 7G, and 7B is
aprocessing device configured to convert the color signal
which is generated, as an analog signal into a digital sig-
nal. Here, the color signal converted into the digital signal
is represented as n bits, where the letter n indicates a
natural number. For example, an expression n = 8 holds.
[0027] A correction circuit (COM) 9 is provided, as a
processing device configured to perform correction in-
cluding edge correction, white-balance correction, sen-
sitivity correction, and so forth.

[0028] A gain-adjustment circuit (GN) 11 is configured
to adjust the gain of each of the color signals, so as to
perform appropriate post processing. At that time, each
of the color signals has become an n-bit-length digital
signal.

[0029] A quantization-precision-reproduction circuit
(TR) 13 is a processing device configured to reproduce
the quantization precision of each of the color signals.
[0030] As arule, the quantization-precision-reproduc-
tion circuit (TR) 13 reproduces a high-precision compo-
nent lower than or equal to the quantization precision of
an original signal while maintaining information about the
original signal. More specifically, the quantization-preci-
sion-reproduction circuit (TR) 13 reproduces m-bit-length
data, as the high-precision component.

[0031] Inthat case, the high-precision component pro-
vided, as the m-bit-length data is reproduced from an n-
bit-length color signal, that is, the original signal. The let-
ter m indicates a natural number. For example, an ex-
pression m = 2 holds.

[0032] The quantization-precision-reproduction circuit
(TR) 13 adds the reproduced m-bit-length data, that is,
the high-precision component to a low-order bit of the n-
bit-length color signal so that the n-bit-length color signal
is converted into a digital signal of an n + m-bit-length.
As a result, it becomes possible to reduce the minimum
change amount that can be represented.

[0033] A knee-correction circuit (K) 15 is a processing
device configured to compress the level of the color signal
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so that the dynamic range of the color signal falls within
a predetermined range.

[0034] A gamma-correction circuit (GM) 17 is a
processing device configured to correct the gray-scale
characteristic of the color signal so that there isaninverse
relationship between the gray-scale characteristic and
the gamma characteristic of an output device. If a monitor
is used, as the output device, the gamma coefficient
thereof is usually 2.2. A printer may also be used, as the
output device.

[0035] An output-signal-generation circuit (VO) 19is a
processing device configured to convert the color signal
transmitted thereto into a signal in an ultimate output form
and transmit the converted signal.

[0036] As has been described, the image-pickup de-
vice includes commonly known components except for
the quantization-precision-reproduction circuit (TR) 13.
By using the quantization-precision-reproduction circuit
(TR) 13, when the data corresponding to the least signif-
icant bit is raised to a high-order bit by the gain-adjust-
ment circuit (GN) 11 and the gamma-correction circuit
(GM) 17, it becomes possible to make up for the gray-
scale shortage of an output image.

[0037] The above-described image-pickup system
can be used for a video-camera system and/or a digital-
camera system.

(B) Configuration of Quantization-precision-reproduction
circuit

[0038] Next, the configurations of quantization-preci-
sion-reproduction circuits according to embodiments of
the present invention will be described. Each of the quan-
tization-precision-reproduction circuits is configured to
reproduce a digital signal with quantization precision
higher than that of the digital signal obtained by each of
the A/D converters 7R, 7G, and 7B.

(B-1) First Embodiment

[0039] Fig. 2 shows a quantization-precision-repro-
duction circuit 21 according to a first embodiment of the
present invention. The quantization-precision-reproduc-
tion circuit 21 includes a high-precision-component-gen-
eration unit 23 and a high-precision-component-load unit
25.

[0040] The high-precision-component-generation unit
23 is a processing device configured to generate a signal
component (a high-precision component) on the basis of
a digital signal (an original signal) of n bits so that the
signal component is lower than or equal to the quantiza-
tion precision of the n-bit digital signal. Here, a low-order-
m-bit signal component is generated, as shown by parts
(A) and (B) shown in Fig. 3.

[0041] For example, where an expression m =1 holds,
the information corresponding to one-half of the mini-
mum-change width of the original signal is generated.
Further, where an expression m =2 holds, the information
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corresponding to one-fourth of the minimum-change
width of the original signal is generated.

[0042] Unlike the random noise, the above-described
m-bit information is highly correlated with the original sig-
nal.

[0043] The high-precision component can be generat-
ed by performing known interpolation processing. For ex-
ample, the high-precision component can be generated
by performing filtering, over sampling, and so forth.
[0044] The high-precision-component-addition unit 25
is a processing device configured to add the generated
m-bit-high-precision component to a low-order bit of the
n-bit digital signal so that a digital signal with increased
quantization precision (a quantization-precision-repro-
duction signal) is generated (see part (C) of Fig. 3).
[0045] As is the case with part (C) of Fig. 3, the infor-
mation about the original signal is used, as it is, as high-
order-n-bit information. That is to say, basic waveform
information is maintained, as it is, which shows that a
basic waveform does not change irrespective of whether
or not the high-precision component is added.

[0046] Subsequently, when the high-precision compo-
nent is reproduced, the original signal does not deterio-
rate. Onthe contrary, it becomes possible to reduce noise
components, which can be hardly achieved by using
known technologies.

[0047] Further, since a signal with predetermined
quantization precision higher than that of the A/D con-
verter can be generated, the following effects can be ex-
pected.

[0048] For example, it becomes possible to increase
the dynamic range of an analog signal transmitted to the
A/D converter (see Figs. 4A and 4C). This is because
the quantization-precision-reproduction circuit 21 can re-
produce information with quantization precision lower
than or equal to that of the original signal, even though
the minimum-change level of a signal transmitted from
the A/D converter increases.

[0049] In the case of the known systems, it is difficult
to reproduce precision higher than that of a signal trans-
mitted from the A/D converter by performing post
processing. Therefore, it is preferable that the dynamic
range of an analog signal is adjusted so that the dynamic
range matches with that of the A/D converter, as shown
in Fig. 4B.

[0050] Naturally, the dynamic range of the analog sig-
nal transmitted to the A/D converter is limited and part of
information about the analog signal is lost.

(B-2) Second Embodiment

[0051] Fig. 5 shows a quantization-precision-repro-
duction circuit 31 according to a second embodiment of
the present invention. The quantization-precision-repro-
duction circuit 31 includes a low-pass filter 33, a high-
precision-component-separation unit 35, and a high-pre-
cision-component-addition unit 37. The low-pass filter 33
and the high-precision-component-separation unit 35
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correspond to the above-described high-precision-com-
ponent-generation unit 23.

[0052] The low-pass filter 33 generates a digital signal
of an n + m bit length, where the digital signal includes
a signal component (a high-precision component) lower
than or equal to the quantization precision of the original
signal. The calculation-word length of the low-pass filter
33 corresponds to n + m bits or more.

[0053] Fig. 6 shows an example signal transmitted
from the low-pass filter 33, where the expression m = 1
holds. In the case of Fig. 6, a digital signal which is used,
as the original signal, is of an 8-bit length. For example,
by calculating the average value of two digital signals,
an output signal of 9 bits including bit information with
quantization precision lower than or equal to the quanti-
zation precision of the original signal can be generated
(see part (C) of Fig. 6).

[0054] Further, part (A1) and part (A2) of Fig. 6 show
two digital signals for processing. Further, part (B) of Fig.
6 shows aresult obtained by adding the two digital signals
to each other. Further, part (C) of Fig. 6 shows a result
of adjusting the gain of the digital signal shown in part
(B) of Fig. 6. In that case, the least significant bit shown
in part (D) of Fig. 6 corresponds to a high-precision com-
ponent.

[0055] By performing the above-described processing
procedures, the low-pass filter 33 generates a low-pass-
output signal of an n + m-bit length, as shown by part (B)
of Fig. 7. Part (A) of Fig. 7 shows a digital signal of an n-
bit length, that is, the original signal.

[0056] The high-precision-component-separation unit
35 is a processing device configured to separate the dig-
ital signal corresponding to low-order m bits from a low-
pass-output signal of an n + m-bit length, as a high-pre-
cision component, as shown by part (C) of Fig. 7.
[0057] The high-precision-component-addition unit 37
adds the generated m-bit high-precision component to a
low-order bit of the n-bit digital signal so that a digital
signal with increased quantization precision is generat-
ed, as shown by part (D) of Fig. 7.

[0058] The use of the above-described quantization-
precision-reproduction circuit 31 allows achieving the
same effects as those of the first embodiment.

(B-3) Third Embodiment

[0059] Thus, by using the quantization-precision-re-
production circuit 31 according to the second embodi-
ment, it becomes possible to obtain a smooth image with
the gray-scale information corresponding to quantization
precision higher than that of the A/D converter.

[0060] On the other hand, according to a method for
reproducing quantization precision by using a filter, the
frequency characteristic of a high-precision component
may become lower than that of the original signal. For
example, according to the second embodiment, all of
high-frequency components drop slightly.

[0061] Asabitlengthforadditionincreases, the above-
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described drop becomes significant. Further, as the
number of reproduced bits for addition increases, the
ringing of a high-pass filter often occurs, for example, at
a part where the values of the high-frequency compo-
nents significantly change (e.g., an edge).

[0062] On the other hand, a person has such a per-
ception characteristic that the person easily perceives
insufficient quantization precision at a flat part where the
number of high-frequency components is low. On the
contrary, according to the perception characteristic, a
person hardly perceives insufficient quantization preci-
sion (deteriorated image quality) at a part where the
number of high-frequency components is high.

[0063] In a third embodiment of the present invention,
a quantization-precision-reproduction circuit configured
to achieve improved image quality by using the percep-
tion characteristic of a person will be described.

[0064] Fig. 8 shows a quantization-precision-repro-
duction circuit 41 according to the third embodiment. In
Fig. 8, the same parts as those shown in Fig. 5 are des-
ignated by the same reference numerals, so as to omit
the description thereof.

[0065] The quantization-precision-reproduction circuit
41 includes the low-pass filter 33, the high-precision-
component-separation unit 35, the high-precision-com-
ponent-addition unit 37, a high-frequency-detection unit
43, and a high-frequency-component-adjustment-and-
output unit 45. That is to say, the quantization-precision-
reproduction circuit 41 is different from the above-de-
scribed quantization-precision-reproduction circuits in
that it includes the high-frequency-detection unit 43 and
the high-frequency-component-adjustment-and-output
unit 45.

[0066] The high-frequency-detection unit 43 is a
processing device configured to detect at least one high-
frequency component included in the n-bit-length digital
signal, that is, the original signal. As the number of the
high-frequency component increases, a detected output
value becomes high.

[0067] The above-described determination process-
ing may be performed for each of separated areas. Oth-
erwise, above-described determination processing may
be performed on a screen-by-screen basis.

[0068] In the third embodiment, the determination
processing is performed for each color signal. However,
the determination processing may be collectively per-
formed for the three types of color signals. Further, the
determination processing may be performed on the basis
of a brightness signal generated from the color signal.
[0069] As a result, the high-frequency-detection unit
43 transmits information about whether or not an original
signal for processing includes a large number of high-
frequency components (namely, information about
whether or not the number of high-frequency compo-
nents is high), as a detection signal.

[0070] The high-frequency-component-adjustment-
and-output unit 45 is a processing device configured to
adjust the effect of quantization-precision reproduction
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according to the result of high-frequency-component de-
tection.

[0071] The high-frequency-component-adjustment-
and-output unit 45 generates an output signal by increas-
ing and/or decreasing the combination ratio of the original
signal (an n-bit digital signal) and the quantization-preci-
sion-reproduction signal (= original signal + high-preci-
sion component) in a complementary manner.

[0072] For example, the output signal is generated by
performing a calculation shown as "original signal x/ 100
+ quantization-precision-reproduction signal - (1 - x
/100)". Here, a variable x is determined to be from 0 to
100%.

[0073] For example, a detected high-frequency-com-
ponent signal is used, as the variable x. In that case, in
a part where the number of the high-frequency compo-
nents is high (where an expression x = 100 holds), the
output signal becomes equivalent to the original signal.
Namely, an n-bit digital signal, or an n + m-bit digital signal
is transmitted, as an output signal. Here, an m-bit-length
low-order bit of the n + m-bit digital signal is determined
to be "0".

[0074] On the other hand, in a part where the high-
frequency-component number is low (where an expres-
sion x = 0 holds), the output signal becomes equivalent
to the quantization-precision-reproduction signal (origi-
nal signal + high-precision component). Namely, at a part
where the user easily perceives insufficient quantization
precision, an n + m-bit-length quantization-precision-re-
production signal generated by the high-precision-com-
ponent-addition unit 37 is transmitted.

[0075] Further, when the variable x is an intermediate
value (where an expression 0 < x < 10 holds), the high-
frequency-component-adjustment-and-output unit 45
transmits a mixed signal obtained by mixing the original
signal with the quantization-precision-reproduction sig-
nal. By performing the above-described synthesis
processing, the processing corresponding to a predeter-
mined picture pattern can be achieved.

[0076] Further, processing that is usually referred to
as alphablend s performed, as the above-described syn-
thesis processing.

[0077] By performing the above-described processing
procedures, the quantization precision can be repro-
duced while maintaining the characteristics of the original
signal as much as possible.

(B-4) Fourth Embodiment

[0078] A fourth embodiment of the present invention
is provided, as an example modification of the third em-
bodiment. In the fourth embodiment, the combination ra-
tio of the original signal (the n-bit digital signal) and the
quantization-precision-reproduction signal (= original
signal + high-precision component) is also increased
and/or decreased in the complementary manner by using
the detected high-frequency-component signal, as is the
case with the third embodiment.
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[0079] The fourth embodiment describes a quantiza-
tion-precision-reproduction circuit configured to change
the detection characteristic of the high-frequency-detec-
tion unit 43, as required, according to a picture pattern
obtained by the original signal.

[0080] Fig. 9 shows a quantization-precision-repro-
duction circuit 51 according to the fourth embodiment. In
Fig. 9, the same parts as those shown in Fig. 8 are des-
ignated by the same reference numerals, so as to omit
the description thereof.

[0081] The quantization-precision-reproduction circuit
51 includes the low-pass filter 33, the high-precision-
component-separation unit 35, the high-precision-com-
ponent-addition unit 37, the high-frequency-component-
adjustment-and-output unit 45, a high-frequency-detec-
tion unit 53, and a threshold-value-set unit 55. That is to
say, the quantization-precision-reproduction circuit 51 is
different from the above-described quantization-preci-
sion-reproduction circuits in that it includes the high-fre-
quency-detection unit 53 and the threshold-value-set unit
55.

[0082] The high-frequency-detection unit 53 is differ-
ent from the high-frequency-detection unit 43 of the third
embodiment in that the high-frequency-detection unit 53
compares the detection-output value of a high-frequency
component and the threshold value thereof, and deter-
mines the level of the amount of high-frequency compo-
nents included in the original signal.

[0083] Here, the high-frequency-detection unit 53 has
at least one threshold value.

[0084] For example, if the high-frequency-detection
unit 53 has a single threshold value, a determination-
output signal functions, as a signal used for selecting
either the original signal or the quantization-precision-
reproduction signal (= original signal + high-precision
component). Namely, if a detected high-frequency-com-
ponent-output value is higher than the threshold value,
which means that the high-frequency-component
number is high, the determination-output signal func-
tions, as a signal used for selecting the original signal.
On the other hand, if the detected high-frequency-com-
ponent-output value is lower than or equal to the thresh-
old value, which means that the high-frequency-compo-
nent number is low, the determination-output signal func-
tions, as a signal used for selecting the quantization-pre-
cision-reproduction signal.

[0085] Of course, if the threshold-value number is in-
creased, the number of patterns of mixing the original
signal with the quantization-precision-reproduction sig-
nal increases by as much as the increased threshold-
value number.

[0086] In the fourth embodiment, the threshold value
is prepared for each of the color signals. The threshold-
value set unit 55 is configured to set the threshold value
for each of the color signal.

[0087] Itis preferable that the threshold-value set unit
55 has several types of threshold values that are set on
the basis of experience according to the visual charac-
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teristic of a person and has a function of switching be-
tween the threshold values, as required, according to a
predetermined picture pattern obtained by an original sig-
nal for processing.

[0088] Further, the threshold-value-set unit 55 may
have a function of switching between the threshold val-
ues, as required, according to the intensity of the satu-
ration of each color.

[0089] Further, the threshold-value-set unit 55 may
have a function of switching between the threshold val-
ues, as required, according to the color-phase informa-
tion of the original signal.

[0090] Thus, if the threshold-value-set unit 55 has at
least two threshold values so that the threshold-value-
set unit 55 can switch between the threshold values ac-
cording to the characteristic of an original signal, the qual-
ity of an image generated by digital signals with repro-
duced quantization precision can be increased.

(B-5) Fifth Embodiment

[0091] A fifth embodiment of the present invention
shows another quantization-precision-reproduction cir-
cuit using the perception characteristic of a person. In
the fifth embodiment, a method for adjusting the gain of
a high-precision component is described.

[0092] Fig. 10 shows a quantization-precision-repro-
duction circuit 61 according to the fifth embodiment. In
Fig. 10, the same components as those shown in Fig. 5
are designated by the same reference numerals, so as
to omit the description thereof.

[0093] The above-described quantization-precision-
reproduction circuit 61 includes the low-pass filter 33, the
high-precision-component-separation unit 35, the high-
precision-component-addition unit 37, a high-frequency-
detection unit 63, and a high-precision-component-am-
plification unit 65. Namely, the quantization-precision-re-
production circuit 61 is different from the above-de-
scribed quantization-precision-reproduction circuits in
that it includes the high-frequency-detection unit 63 and
the high-precision-component-amplification unit 65.
[0094] The above-described high-frequency-detec-
tion unit 63 is a processing device configured to detect
at least one high-frequency component included in the
n-bit-length digital signal, that is, the original signal, and
set the gain corresponding to the detection result. The
above-described gain is used for increasing and/or de-
creasing an m-bit-length high-precision component. For
example, the gain is set so that the gain value decreases
as the high-frequency-component value increases, and
increases and approaches one as high-frequency-com-
ponent value decreases.

[0095] The high-precision-component-amplification
unit 65 adjusts the gain of the m-bit-length high-precision
component according to the gain given thereto.

[0096] According to the above-described configura-
tion, it becomes possible to increase and/or decrease
the amount of at least one high-precision component
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added to the n-bit-length original signal according to the
result of high-frequency-component detection.

(B-6) Sixth Embodiment

[0097] According to the above-described embodi-
ments, an increase and/or a decrease in a direct-current
(DC) component caused by an added high-precision
component can be ignored. However, as the bit number
of the high-precision component increases, a DC-com-
ponent drift increases.

[0098] Fig. 11 shows a quantization-precision-repro-
duction circuit 71 according to the sixth embodiment hav-
ing a function of cancelling the DC-component drift that
occurs due to the added high-precision component. In
Fig. 11, the same parts as those shown in Fig. 2 are
designated by the same reference numerals, so as to
omit the description thereof.

[0099] The above-described quantization-precision-
reproduction circuit 71 includes the high-precision-com-
ponent-generation unit 23, the high-precision-compo-
nent-addition unit 25, and a DC-shift unit 73. Namely, the
quantization-precision-reproduction circuit 71 is different
from the above-described quantization-precision-repro-
duction circuits in that it includes the DC-shift unit 73.
[0100] The DC-shift unit73isa processing device con-
figured to calculate the impact of a high-precision com-
ponent on the DC level of an original signal and subtracts
the impact value from the high-precision component.
Namely, the DC-shift unit 73 makes the DC level of the
original signal agree with that of the quantization-preci-
sion-reproduction signal.

[0101] In the fourth embodiment, the DC-shit unit 73
shifts the high-precision-component level. However, it is
also possible to use a method for shifting the high-preci-
sion-componentlevel after the quantization-precision-re-
production signal is generated.

(C) Other Systems

[0102] Thus, in the above-described embodiments,
the image-pickup system has been described. Hereinaf-
ter, other systems that can include at least one of the
above-described quantization-precision-reproduction
circuits will be described.

(C-1) Seventh Embodiment

[0103] Fig. 12 shows the configuration of a communi-
cation system 81 according to a seventh embodiment of
the present invention, where the communication system
81 includes at least one of the above-described quanti-
zation-precision-reproduction circuits. The communica-
tion system 81 includes a transmission device 83 and a
reception device 85. The transmission device 83 is con-
figured to transmit digital signals including image data,
speech data, measurement data, and so forth according
to a predetermined transmission format. The digital sig-
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nals may be transmitted by a broadcast system or a com-
munication system. Namely, it is only essential that in-
formation for transmission is transmitted, as digital sig-
nals.

[0104] The reception device 85 configured to receive
information includes a quantization-precision-reproduc-
tion circuit 87, as the above-described quantization-pre-
cision-reproduction circuit. Information may be transmit-
ted to the reception device 85 via a recording medium
89. Here, various types of recording mediums may be
used, as the recording medium 89.

[0105] Since the quantization-precision-reproduction
circuit 87 is provided in the communication system, it
becomes possible to reproduce a high-precision compo-
nent lower than or equal to predetermined quantization
precision by the reception device 85. Namely, if the bit
length of a digital signal is limited by a transmission format
and/or a signal format, the communication system allows
reproducing information with high quantization precision
on the reception-device side.

[0106] By using the above-descried advantages, it be-
comes possible to actively decrease the bit length of a
digital signal for transmission on the transmission-device
side. Namely, it becomes possible to compress data ac-
tively.

[0107] By transmitting digital signals with decreased
bitlengths, or recording the digital signals with decreased
bit lengths onto the recording medium, it becomes pos-
sible to transmit and/or record the digital signals by using
a decreased transmission band and/or a decreased
record area. Namely, it becomes possible to use trans-
mission resources and/or record areas effectively.

(C-2) Eighth Embodiment

[0108] Fig. 13A shows an information-processing de-
vice 91 according to an eighth embodiment of the present
invention. The information-processing device 91 in-
cludes at least one of the above-described quantization-
precision-reproduction circuits. Fig. 13B shows an infor-
mation-processing device 101 according to the eighth
embodiment of the present invention. The information-
processing device 91 includes at least one of the above-
described quantization-precision-reproduction circuits.
Each of the information-processing device 91 and the
information-processing device 101 may be an electronic
device including a computer, a printer, a game machine,
a mobile information terminal (a mobile computer, a mo-
bile phone, a mobile game machine, an electronic book,
and so forth), an image-reproduction device (an optical-
disk device, a home server, and so forth) a monitor, a TV
receiver, an audio-signal-reproduction device, and so
forth.

[0109] Each of the information-processing devices 91
and 101 includes a cabinet, a signal-processing unit, and
an external interface. Further, each of the information-
processing devices 91 and 101 includes the peripheral
devices corresponding to the product form thereof, where
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the peripheral devices are used in combination with the
cabinet, the signal-processing unit, and the external in-
terface.

[0110] The difference between the information-
processing device 91 shown in Fig. 13A and the infor-
mation-processing device 101 shown in Fig. 13B is
whether or not a display unit is included in the cabinet.
[0111] Theinformation-processing device 91 shownin
Fig. 13Aincludes a display unit 93 provided in the cabinet
thereof. A quantization-precision-reproduction circuit 95,
a signal-processing unit 97, and an external interface 99
are also provided in the cabinet of the information-
processing device 91.

[0112] The information-processing device 101 shown
in Fig. 13B does not include a display unit in the cabinet
thereof, even though a quantization-precision-reproduc-
tion circuit 103, a signal-processing unit 105, and an ex-
ternal interface 107 are provided in the above-described
cabinet.

(D) Other embodiments
[0113]

(a) According to the above-described embodiments,
the threshold value of the high-frequency-detection
unit is set and/or switched according to the charac-
teristic of an original signal.

Further, the threshold value of the high-frequency-
detection unit may be set or switched to a suitable
value according to fluctuations in the gain value of
the gain-adjustment circuit.

(b) According to the above-described embodiments,
the low-pass filter is provided in the quantization-
precision-reproduction circuit so that a high-preci-
sion component lower than or equal to predeter-
mined quantization precision is generated.

[0114] However, the quantization-precision-reproduc-
tion circuit may include a high-pass filter and/or a non-
linear filter including an epsilon filter, a median filter, and
so forth. Irrespective of which filter is used, a high-preci-
sion component can be generated on the basis of infor-
mation of the original signal. Subsequently, the correla-
tion between the high-precision component and the orig-
inal signal becomes significant with reference to that be-
tween a random noise and the original signal.

[0115] Embodiments provide a quantization-preci-
sion-reproduction method including the steps of repro-
ducing an m-bit-length high-precision component lower
than or equal to quantization precision of an n-bit-length
digital signal on the basis of the n-bit-length digital signal,
and generating an n + m-bit-length digital signal by add-
ing the reproduced m-bit-length high-precision compo-
nent to a low-order bit of the n-bit-length digital signal is
provided.

[0116] In so far as the embodiments of the invention
described above are implemented, at least in part, using
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software-controlled data processing apparatus, it will be
appreciated that a computer program providing such soft-
ware control and a transmission, storage or other medi-
um by which such a computer program is provided are
envisaged as aspects of the present invention.

[0117] Although particular embodiments have been
described herein, it will be appreciated that the invention
is not limited thereto and that many modifications and
additions thereto may be made within the scope of the
invention. For example, various combinations of the fea-
tures of the following dependent claims can be made with
the features of the independent claims without departing
from the scope of the present invention.

Claims

1. A quantization-precision-reproduction method com-
prising the steps of:

reproducing at least one m-bit-length high-pre-
cision component lower than or equal to quan-
tization precision of at least one n-bit-length dig-
ital signal on the basis of the n-bit-length digital
signal; and

generating at least one n + m-bit-length digital
signal by adding the reproduced m-bit-length
high-precision component to at least one low-
order bit of the n-bit-length digital signal.

2. The quantization-precision-reproduction method ac-
cording to Claim 1, wherein the m-bit-length high-
precision component is generated by picking up at
least one signal component lower than or equal to
the quantization precision of the digital signal from
at least one signal component obtained by filtering
the n-bit-length digital signal.

3. Thequantization-precision-reproduction method ac-
cording to Claim 1, further comprising the steps of:

detecting at least one high-frequency compo-
nent included in the n-bit-length digital signal;
controlling a combination ratio of the n + m-bit-
length digital signal and the n-bit-length digital
signal on the basis of the detection result; and
generating the n + m-bit-length digital signal ac-
cording to the combination ratio.

4. The quantization-precision-reproduction method ac-
cording to Claim 1, further comprising:

detecting at least one high-frequency compo-
nent included in the n-bit-length digital signal;
generating at least one gain function on the ba-
sis of a result of the detection;

generating at least one correction component
by amplifying the m-bit-length high-precision
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componenton the basis of the gain function; and
using the generated correction component, as
the high-precision component added to the low-
order bit of the n-bit-length digital signal.

5. The quantization-precision-reproduction method ac-
cording to Claim 3, wherein where the at least one
high-frequency component is detected, at least one
determination threshold value is changed according
to a predetermined picture pattern obtained by at
least one digital signal for processing.

6. The quantization-precision-reproduction method ac-
cording to Claim 3, wherein where the at least one
high-frequency component is detected, at least one
determination threshold value is changed according
to atleast one gain added to at least one digital signal
for processing.

7. The quantization-precision-reproduction method ac-
cording to Claim 3, wherein where the at least one
high-frequency component is detected, at least one
determination threshold value is changed according
to saturation of at least one digital signal for process-

ing.

8. The quantization-precision-reproduction method ac-
cording to Claim 3, wherein where the at least one
high-frequency component is detected, at least one
determination threshold value is changed according
to a color phase of at least one digital signal for
processing.

9. Thequantization-precision-reproduction method ac-
cording to Claim 1, further comprising the step of
correcting fluctuations in a direct-current level
caused by the addition of the reproduced m-bit-
length high-precision component.

10. A quantization-precision-reproduction device com-
prising:

at least one high-precision-component-genera-
tion unit configured to reproduce at least one m-
bit-length high-precision component lower than
or equal to quantization precision of at least one
n-bit-length digital signal on the basis of the n-
bit-length digital signal; and

at least one precision-information-addition unit
configured to generate at least one n + m-bit-
length digital signal by adding the reproduced
m-bit-length high-precision component to at
least one low-order bit of the n-bit-length digital
signal.

11. An image-pickup device comprising:

an analog-to-digital conversion unit configured
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to convert at least one imaging signal generated

in analog-signal format into at least one n-bit-
length signal generated in digital-signal format;

at least one high-precision-component-genera-

tion unit configured to reproduce atleastonem- 6
bit-length high-precision component lower than

or equal to quantization precision of the n-bit-
length digital signal on the basis of the n-bit-
length digital signal; and

at least one precision-information-addition unit 70
configured to generate at least one n + m-bit-
length digital signal by adding the reproduced
m-bit-length high-precision component to at
least one low-order bit of the n-bit-length digital
signal. 15

12. An information-processing device comprising:

at least one high-precision-component-genera-

tion unit configured to reproduce at leastone m- 20
bit-length high-precision component lower than

or equal to quantization precision of at least one
n-bit-length digital signal on the basis of the n-
bit-length digital signal; and

at least one precision-information-addition unit 25
configured to generate at least one n + m-bit-
length digital signal by adding the reproduced
m-bit-length high-precision component to at
least one low-order bit of the n-bit-length digital
signal. 30

13. A program product which makes at least one com-
puter perform processing comprising the steps of:

reproducing at least one m-bit-length high-pre- 35
cision component lower than or equal to quan-
tization precision of at least one n-bit-length dig-

ital signal on the basis of the n-bit-length digital
signal; and

generating at least one n + m-bit-length digital 40
signal by adding the reproduced m-bit-length
high-precision component to at least one low-
order bit of the n-bit-length digital signal.
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